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outline

• We will review efforts by several groups:
MIT, SLAC, ANL, CU Boulder, TECH-X and others
• Band gap diagram will be simulated along with 

some applications: wavegude, splitter, 
directional coupler etc.

• Final project will contain a simulation of PBG 
standing wave accelerating structure



Wave propagating through a periodic 
structure example

• Why? Band Gap. Recall Iris-loaded structure 
from Monday lecture.

• Solid state physics analogy



PBG band gap

• Picture from E. Smirnova 



Band Gap Calculation Simulation

• Picture from E. Smirnova 

Perform parametric simulation in CST, using phase advance in two pairs of 
periodic boundary conditions



PBG parameter scanning

• Picture from Joannopolous book



PBG resonators, waveguides etc…

• Simulate examples:



PBG accelerating structures idea

• Picture from R. Marsh



PBG design (MIT)

• from E. Smirnova 



PBG vs Iris loaded structure

• from E. Smirnova 



MIT PBG results

• Gradient 35 MV/m

• from E. Smirnova 



MIT – SLAC PBG test

• Picture from R. Marsh





Pulse heating

• Picture from R. Marsh, B. Munroe



Analysis

• Picture from R. Marsh, B. Munroe







HOM confinement

From E. Smirnova



HOM confinement (AWA)

Accelerating 
Mode 

Dipole Mode 

From C. Jing AWA experiments
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WAKEFIELD EXPERIEMENT OF THE 
PBG STRUCTURE @ AWA

TM01 like

Modes

Freq.

(GHz)

R/Q

(Ω)
0 mode 11.10 4.86

π/3 11.31 148.5

2π/3 11.52 148.1

0 mode π/3 mode 2π/3 mode

We designed and 
fabricated a X-band 
PBG structure using 
electroforming 
technique at Tsinghua 
University, China.

From C. Jing AWA experiments
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Experimental Setup (I)
Gun LinacICT1 ICT2 BPMGVGV

Spectrometer

YAG1 YAG2 YAG5
Slits

YAG3 YAG4 YAG6 Be

Front viewSide view

From C. Jing AWA experiments
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Experimental Setup (II)

PBG structure

Translation stage

ICT

From C. Jing AWA experiments
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Experimental Results (I)----mode 
identification

TM01 like
TM11 like

TM02 like TM12 like

Probe signal @ ~3.5mm of beam off-axis

From C. Jing AWA experiments
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Experimental Results (II)----Q 
estimation

Dipole
(14.46GHz)

Q ~ 170 

Q ~ 1400

Q estimation based on the filtered mode signal

Acceleration mode
(11.55GHz) 

t (ns)

t (ns)

From C. Jing AWA experiments
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Experimental Results (III)----time-
frequency analysis

From C. Jing AWA experiments
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Experimental Results (IV)----
monopole mode characterization

From C. Jing AWA experiments
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Experimental Results (V)----dipole 
mode characterization

From C. Jing AWA experiments
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Experimental Results (VI)----charge 
sweeping

30MV/m of gradient 
based on the simulation 
and the witness energy 
change.

From C. Jing AWA experiments
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Experimental Results (VII)----two-
bunch collinear accelerationWitness 

bunch 
alone

Witness 
behind the 
drive bunch

We observed 0.44MeV/m/nC Deceleration.

From C. Jing AWA experiments
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PBG Circulating waveguide PBG Two channel accelertor

FURTHER EXPLORATION---exotic 
ideas

From C. Jing AWA experiments



HOM confinement (CU Boulder)

• G. Werner, C. Bauer



Dielectric PBG Accelerators

• G. Werner, C. Bauer



Multi mode PBG

• A. Cook et al (MIT)



Woodpile structure

B. Covan

Laser-driven structure 
(1500 – 2200 nm)



Fabrication
Wafer 4-13 (9 layers) Wafer 4-15 (8 layers)

C. McGuinness



B. Noble (SLAC)



summary

PBG has a built in HOM absorption mechanism
It has been shown to work
Scalable up to optical

Current challenges: Pulsed heating of he inner 
rods; manufacturing tolerances

Mode excitation for optical
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